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Novel Transformant and Use Thereof

This invention relates to a novel transformant and
a method of producing a humen interleukin-2 protein.
Interleukin-2 (hereinafter referred to as IL-2; also
called T-cell grewth factor (TCGF)] is a lymphokine pro-
ducec by T cells upon stimulation by a2 lectin or allocanti- -

gen [SCience, 193, 1007-1008 (1976); Immunological Reviews,

S1, 257-278 (1980)}. ' IL-2 enables long-perioéd
maintenance, by subculturing in vitro, of T cells by allow-
ing their growth in vitro while maintaining their functions
and, further, it is reported that IL-2 has an,activity of
promcting the mitocenic reaction of thvmocvtes (function
as constimulator), rsestoring the ability of nuce mouse
spleen cells to produce antibodies to T-cell—éependent.
anticens kfu:ction as T cell replacing factor), or promcting
the differentiztion and proliferation of killer cells
(function as killer helper factor) [The Journal of Immunol-
ogy, 123, 2928-292% (1979); Immunological Reviews, 51, 257~
278 (1980)].

A large number of clones of killer T cells or Helper
T cells ang, furﬁher, natural killer cells have so far been

obtained through the utilization of IL-2 [e.g. Nature, 2358,

154-156 (1977); The Journal of Immunology, 130, 981-987

(1983)]1. In addition to such direct use in cloning T cells
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or natural killer cells, the use of IL-2 can result in
selective in vitro growth of antigen-specific killer T
cells capable of recognizing and destroying a certain
particular antigen, for example a tumor antigen. By
introducing into animals tumor-specific killer T cells
grown in this manner, it is possible to control or inhibit
tumor growth [The Journal of Immunology, 130, 1904-1909
(1980)]. Furthermore, it is known that IL-2 induces the

production of intsrferon y [The Journal of Immunology,

10 130, 1784-1789 (1982)] and that IL-2 =activates naturzl
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killer cells ([The Journal of Immunology, 130, 1970-1973
(1983)1.

These experimental findings suggest the possible
utility of IL-2 as an antitumor agent. It is further known
that IL-2 restores the helper T cell function in nude mice
which are deficient in thvmus functions [European Journal
of Immunology, 10, 719-722 (1280)] and restores the induc-
ticn of killer T cells against allogenic cells [Nazture, 284,
278-280 (1280)], =2nd therefore IL-2 can be expected tc be
useful.in the txeatwent of immundcompromised patients.

Taniguchi et al. [Nature, 302, 305-310 (1983)] and.
Devos et al. [Nucleic Acids Reseaxch, 11, 4307-4323 (1983)]
separately cloned the human IL-2 gene, described the amino
acid sequence of the human IL-2 polypeptide as estimated therefrom
and reportedly succeeded in causing the expression of said gene.

In the work of Devos et al. cited above, said gene

was expressed in Escherichia coli, and the protein obtained
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in that manner is estimated to be a unglvcosylated protein.

On the other hand, the report of Taniquchi et al. ge-
scribes theat the human IL-2 gene was expressed using the
premoter ol SV-40 and transfecting simizn COS~7 cells. ©This
method estimatedly can produce glycosylated human IL-2.
Rowever, the cells used there caznnot be maintained under this
condition for a long term but have only temporary protein-~
producing activity. Therefore, the method is not a
satisfactory one from the practical viewpoint.

Th; Fresent inventers established an industrialily-
advantageous method of vroducing & clvcesvlatsd human IL-2
protein by procducing an animal cell transformant having &
CNR coding for the human IL-2 protein and cultivating sazid
transformant and thus ccmplezad the present invention.

The present inventicn provides an animal cell

S eannasi

trans~

formed with a DNA having & recicn coding for human IL-2

protein anc at least one promoter upstream therefrom as well as a

method of producing a2 human IL-2 protein which comprises
cultiQating said transformant to thereby cause production
and accumulation of a human IL-2 Drotein and fééb;;;i;g
the same.

| The DNA having a human IL-2 protein-encoding region,
which is to be used in the practice of the invention, may

be any of those DNAs which code for the human IL-2 protein

having the formula
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1
412 Pro Thr Ser Ser Ser Thr Lys Lys Tk- Gln Lew

cln Leuw Glu His Leu Leu Let Asp Leu Glm Vet Tle

Leu Asn Gly Ile Asn Asa Tyr Lys Asa Pro Lys Leun
s _
Thr Arg Met Leu Thr Phe Lys Phe Tyr Met Pro Lys

5 1Lys Ala Thr Glu Leu Lys Eis Leu Gla Cys Leu éTL

Glu Glu Leu Lys Pro Leu Clu Glu Val Leu Asa Leu
80
Ala Gin Ser Lys Asn Phe Eis Leu Arg Pro Arg &sp

Lev Ile Ser Asn Ile Asa Val Ils Val Leu Glu Leu

. 100 ' :

Lys Gly Ser Giu Thr Thr Phe Het Cys Glu Tyr Al=z
120
10 Asp Glu Thr Alz Thr Ile Val Glu Phe Leu Asn Arg

Trp Ile Thr Phe Cys Gln Ser Ile Ile Ser Thr Leu

133
Thr

or 'a polypeptide substantizlly equivzlent thereto in activity.
The human IL-2 sitructural cgenes described in the reports of
15 Taniguchi et al. and Devos et al. and the DNA lacking
four codons at the 5'terminus of the human IL-2 structural
gene described in Japanese Patent Application No. 23563871983
(filed December 13, 1983) are examples. A particularly
20 preferred one is, for example, the DNA having the base
sequence represented by the codons 1 to 133 shown in Fig. 1.
As the promoter, there may be used any of the promoteré
for -the expression in animal cells.
The above-mentioned DNA may have at least one enhancer
25 in addition to a promoter.
The promoter and enhancer are preferably animal virus-
derived ones, such as derived from simian virus, murine

retrovirus or human retrovirus.
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More specifically, there may be mentioned, as the promoter, the promoter
region of SV (simian virus) 40 [Ckayama et al., Molecular
and Cellular Biology, 3, 280-289 (1983)] and the promoter
occurring in various retrovi}us LTR (long terminal repeat)
5 regions.
As the retrovirus LTR region-derived Bromoters, there
mzy be mentioned, for example, the following:
"0 2belscn murine leukemia virus (A-MuLV) [Goff, s. P.
et al., Cell, 22, 777-785 (1980)}],
10 o] Molpﬁey murine leukemia virus (M~MuLV) [Niwz et a231.
Cell, 32. 1105-1113 (1983)],
© Adult T cell leukemiz virus (ATLV) [Yoshida et al.,
Procesdings of the Nztional Acadenv of Sciences of
USA, 79, 6899-6202 (1982)1, and

15 © Aavian sarcoma virus (ASV) [Ritamura et al., Nainure,

.

In the practice of the invention one Or two or more

oI the above-mentioned promoters may be usad.

As the enhancer, there may be mentioneqd, -
2 for example the enhancer occuring in
the SV 40 promoter region [Okayama et al., vide supral and
the enhancer Occurring in a retrovirus LTR region, and
particularlybpreferred is the enhancer in the repeating
base secuence portion of the above-mentioned LTR regions.

25 Es the virus-derived enhancer, there may be menticned

’

for example, the following:
A-MuLV [Goff, S. D, et al., vige supral,
M-MuLV [Niwa et al., vide supral,.
ATLV [Yoshida et al., vide supra] and

30 ASV [Kitamura et al., vide supra].
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In the practiée of the invention, one or two or more
of the enhancers such as mentioned above may be used.

The above-mentioned promoter and enhancer can be
selected for their oroper use depending on the animal cell
species to be transformed.

For transforminc murine cells ar hamster cells, for instance, the
promoter and enhancer in the LTR region of a retrovirus,
particularly A-MuLV or K-NuLV and/or the promoter and
enhancer in the SV 40 promoter region are preferakle.

Fo; transforming human cells, the promoter and
enhancer in the LTR region of a retrovirus, preferably
a human-derived retrovirus, in particular ATLV, are
preferred.

The gené expression system as disclosed herein by
way of exaﬁple; which comprises both the promoter {ovotional-
ly with the enhancer therefor) of a retrovirus and the
SV40 promoter (optionally with the enhancer therefor},
may lead to efficient expression of a particular gerne
in a variety of animal cells ﬁpon transformation of animal
cells, followed by collecting animal cell transformants
(optionally following cloning) and allowing the prod-
uction of the gene expression product.

Therefore, the above expression system may be
used advantageously in the expression, in animal cells,
of not only the IL-2 gene but also genes for useful
proteins such as lymphokines (e.g. interferon-a, inter-

feron-B, interferon-y, lymphotoxin, tumor necrosis
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factor) and hormones (e.g. insulin, somatostatin, human
growth hormone).

For producing a particular protein at high ef-
ficiency in animal cells, a procedure for increasing
the copy number of a particular gene (e.g. IL-2 gene)
per cell may also be followed in addition to the
elaboration.and use of promoter and enhancer. For
instance, a gene which ié amplifiable and may also be
used as a selective marker as desired, such as the
dihydrofolate reductase (PHFR) gene, can be inserted
inﬁo thé plasmid at a site close to the gene to be

expressed (U. S. Patent No. 4,359,216).

The DNA for animal cell transformation, which ig +o

be used in the »ractice of the invention and has a region
coding for a human IL-2 protein and & promoter upstream
thereirom, can be—produced, for example, frem a ciloned plasmid
contzining a DNA (cDNZ) having a regicn coding for

IL-2 protein, & plasmid containing a grcomoter, for examcle

& virus-derived promoter, (further an enhancer as necessary)

and 2 splice region and a plasmid contzininc, for exaxmcle

[sV]

céition region.

-

For illustrating the method of producing the zbove-

mentioned DNA for animal cell transformation more specifi-
cally, a case is described below in which the DNA shown in
Fig. 1 (cDNA in pILOT135-8) is usad as the DN2 having a

region coding for human IL-2 protein.

piLOTl3S—8 is cleaved with the restriction enzvnes
PstI and StuI, followed by.ligation with the BamHI linker at the
Stul site. Separately, a plamid having a promoter and a

splice region [e.g. pp1l}l; Okayama et al., vide supra] is
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cleaved with gigglzl and Pstl, and a plasmid having.a
poly (A) addition region [e.g. BCDV1; ibid.] with HindIIIX
and BamHI. The three DHAAfragments are ligated together
and the product is used for the transformation of

Escherichia coli DH1, for instance. Ampicillin-resistant

colonies are selected, cultured and extracted, whereby
a plasmid (I) for animal cell transformation which has
a region coding for a human IL-2 protein can be isolated.

This plasmid (I) has a2 region coding for human IL-2 between

10 the p:umyfer/s?lice region of the SV4) DNA and the poly ()

15

20

25

addition ‘region.

If necessary, the above plasmid (I) may be clesves at the
HindéIIT site occurring upstream from the SV40 promoter
region, a base seguence reveat portion DHA fracment of the
cloned LTR region qf the above-mentioned retrovirus isolated,
purified and ligated with the HEindIII linker, and the
lization product insé;ted into the above-mentioned plasmid
(I) at the HindIII site thereof, whereby a plasmid (II) for
anizmal cell transformatiqn can be constructed. This »nlasnid
(I1) has.thé retrovirus-derived promoter and ennhancer and,
downstrezni therefrbm, a region coding for human IL-2 protein
between the promoter/splice region of the SV40 DWA and the

poly (A) addition region.

If necessary, the above plasmid (II) is further

cleaved, for example with the restriction enzyme ClaI and,

after inactivation of ClaI, a ClalI DMA fracment upstream
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from the LTR recion is removed v the action of T4 DNaA
ligzse, whereby a plasmid (III) with the EindIII cleavage
site only between the LTR region and the SV40 promoter
region is constructed. The plasmiac (III) is clea&ed with
the restriction enzymes EindIII and £hoT, both cohesive

ends are rendered blunt and ligzted together by the T4

' DNA licase reaction, wherebv a plasmid (IV) for animal cell

transiormation ﬁaj be constructed. The plasmid (IV) has

the promoter ancé enhancer of the retrovirus LT regicn ang,

cownstream therefrom, a human IL-2 protein-encoding region.
If desired, plasmid (IV) is cleaved with the re-

striction enzvme Clal, the cohesive ends are rendered

blunt and then a HindTIII linkér is joined.thereto.

The product is cleaved with HindéIII, deprived of the

above—mentiéned retrovirus (Mu-LV)-derived promoter and

enhancer are removed, and the plasmid is made circular.

From the ATLV cDMA (Yoshida et al., vide supra), the

LTR recion thereof is excised and inserted into the

above rlasmid to give & plasmié (V) having thé promoter

and enhancer from the human retrovirus LTR recion and,

downstream therefrom, the human IL-2 gene. |

Separately, the HindIII cleavage site of plasmid

(IV) is converted to a XhoI site, and the PstI cleavage

site on the 5' end side of the IL-2 gene to an EcoRI site.

A BGlII cleavace site is inserted into said plasmid
diIECtly before the BamHI cleavage site onthe 3' end side
and a Clal cleavage site and a HindIII cleavage site are

inserted thereinto downstream from the poly(a) addition
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region, whefeby plasmié (V1) is obtained.

The plasmid (VI) is digested with Clal and a DNA
fragment thereof containing MuLV-LTR, iL-Z geﬁe, and so0
on is inserted into :a hamster DHFR gene cDNA-containing
plasmid at the Clal cleavage site. This gives a plasmid
(VII) having the IL-2 gene downstream from the retrovirus-
derived promoter and, further downstream therefrom, the SV49
promota; and DHFR gene.

Furthermore; a BamHI DNA fragment of a DHFR gene-
containing cDNA is inserted into the plasmid (VI) at the
BglII cleavage site to give a plasmid (VIII) naving the
IL-2 gene and DHFR gene downstream from the retrovirus—

.

derived promoter.

The animal cell transformants according to the inven-
tién mélee produces, f£or examgle, by transformine znimasl
cells with a DN2 (plasmid) having z humen IL-2 prctein-
encodine region ané, upstreen thersSrom, a srcmoter, £cl-

lowad i1if necsssexv by seleccion and ifscizzicn.

+

As the above-mentioned animal celils, there may be
used any animal cells which allow the expression oi the

IL-2 gene, for instance mouse cells [e.g. L cells;

‘Proceedings of the Society of Experimental Biology and

Medicine, 92, 893 (19S6)], rat cells fe.g. NRX ce;ls;
Journal of Cell Physiology, 94, 335 (1978)], chicken-
or duck-derived cells, human cells [e.g. FL cells;
Proceedings of the Societvy of Experimental Biology and
Medicine, 94, 532 (1957)] and hamster cells (e.g. CHO
cells; Proceedings of the Naticnal Academy of Sciences

of USsa, 77, 4216 (1980)].
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The transformation is carried out by the contrans-

formation methed [Wigler et al., Cell, 16, 777-785 (1979)],
wnereby the desired animal cell traensformants may advan-

‘tageously be selected and isolated.

Thus, cells of an animal deficient in a specific gene

[thymidine kinase (TK)} cene, adenine phosphoribosyl trans-

ferase géne,"DHRf gene, etc.], for example mouse TX gene-dificient

L cells or hamster DHRF gene-deficient CHO cells,

are transformed using simultanecusly a DNA (plasmic) having
the abcve-mentioned human IL-2 protein-enceding recion andé
sc forth and, as z marker, a plasmid havinc the above gene
cdeficient in saié cells, or normal cells a-= cotransformed
using sinmultareously, as az marker, a plasmié containing an
antibiotic (e.g. ﬁeomycin) resistance gene. In the formef

transformants may easily Se selented znd

1,

czse, the desire
isolated by the known method [Wiglér et ai., vide supra;
Lee et al., Nature, 294, 228-232(1981)] ané, in the latter,
by adding the corresgonding antiﬁigtic or & derivative
thereof [e.g. geneticin (G418)] to the cell cutlture
mediun, foliowéd by cultivation [Colbére—Garaoin et al.,

Jornal of Molecular Biology, 150, 1-14 (1581).

The former method and latter method mav also be useg
in combination for transformant selection and collection.

The cloned animal.cell transformants having the IL-2
gene have been provided for the first time by cotransforma-
tion and méy be used advantageously in the production-of
glycosylated IL-2 and so forth.

The human IL-2 protein of this invention can be
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produces by cultivéting the above-mentioned transformants
according to the invention to therebv cause production
and accumulation of said protein in the culture and
recovering said érotein.

5 The cultivation is conducted using a medium for
animal cell culture, such as MEM medium supplemented with
bovine fetal serum or a mammalian serum-derived composition
by subjecting a2 mammalian serum to a contaminant microor-
ganism inactivating step and a purification step involving

10 saltiﬂg out and desalting [Japanesg Patent Application
No. 521/1984 (filed January 2, 1984)].

The cell culture is generally conducted at 30-40°C
for 2-1¢ davs.
When a.transformant carrving a gene amplification

15 ogene (e.g. DHFR gene) is used, the yield of a particulai
protein can be increased by first cultivating the trans-
formant under avprooriate gene amplification conditions
{for the DIrX gene, in the presence of methotrexate,
generally in a concentration of 1-100 M) to thereby

20 cause marker gene amplification, which results in an in-

crease in the ccpyv number of a particular gene.
The IL-2 protein produced and accumulated in the
cuiture mav be separated from the culture supernatant anc

purified by an appropriate combination of known separation
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~ané purification methods, zlthough the culture broth afesr

remcval of cells may be concentrated and éried andg
the dried product ﬁa? also be usad as it is.

Such kncwn separation and purification methods incluce,
among others, a method taking advantage of solubility dif-
ference, such as salting out or precipitation by addinc =
solvent; a method principally taking advantage ¢f moleculzar

weicht difference, such as dizlvysis, ultrafiltrzs

~
~

el

o]
[Is}

iltration or SpS-peclvacrvlamide cel electrophorssis; =

-

method utilizing electric charge difference, such as ion

excheange chromatocgraghyv; a methcé ra‘ing use of specific
affinity, such as affinity chromatograpny; a method meking

good of hydropnocicity difference, such as reversed-phase

. - e e s . s

nigh-geriormance licuié chromatographyv; ané a method uti-
.. e s e : . e . R

lizling differsnce in iscelectiric point, such as isgelsceric

octzined here mey be ccnverted to the pecwder form bv ly-
cpnilizzzien. In this lveochilization, there mev be adfed

a stabilizer such as sorbitol, mannitol, dextrose, mzltose,
glycerol or human serum albumin (HSA).

By using the method of producing & human IL-2 protein
using the animal cell transformants according to the iﬁven-
tion, a glycosvlatsd human IL-2 protein déy be producs=d
easily and in large cuantitites.

The glycosylateé human IL-2 protein obtained in ac-

cordance with the invention has low toxicity ané substantizl-
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ly the same activities as known natural human IL-2. The
phrase "substantizlly the same activities &as natural human
IL-2" as.used nerein means the following biological andé
imrunological activities, among others. Thus, it haé an
activity to enable normal T cells or naturzl killer cells
to proliferate while mainteining their functions. There-
fore, the human IL-2 protein accordinc to the inventicn
may be use< in growing ané subculturing T cells or natural
killex cells in vizzc for & long pericc of time or in
cloninc them. This property may alsc be wrilized in human
IL-2 activity assav.

Furthernore, the numn IL-2 prctsin according to the
invention may enable the in vitro selective growth of
anticen-scecific killer T cells capable of recognizing and
cdestrovinc a tumor =ntigen, fcr instance, or df natﬂrél
killer ceills czpezie of killing a tumor irresgective of

excerience cr nonexgerience of anticenic sensitization.

= b

Wnen said¢ killer T cells are incrocducsd ince & living body,
simuitarnects inocuiazcticn wish the human IL-2 protein esc-

cording tc the invention increzses the antitumor effect.
Therefore, said prctein ﬁa§'be used in the prevention and
treatment of tumers in warm-blooded animals (e.g. mouse,
rat, rabbit, deg, cat, pig, horse, sheep, cattle, human) or
in the treatment of immunocompromised state in such animals.
For the purcose of enablinc proliferation of T cells
in vitro, the human IL-2 protein according to the invention

may be added to the medium in a concentration of about 0.0l



10

15

20

25

-15- 0172619

to 1 unit/ml, preferablé acout 0.1 to 0.5 unit/ml.

In an embodiment in which it is used for the purscse
of enabling proliferation of T cells in vitro, the human
IL-2 protein accoréing to the invention is adced, for exam-
ple, in a cbncentration of 0.1-0.5 unit/ml, to a cell sus-
pension containing alloantigen—sensitized T cells as- obtained
by 3-day mixed lymphocyte culture in RPMI 1640 mecium cen-—
taining 20% fetzl bovine serum at 37°C andé in the presences
of 5% co, cf T cells (1 « 106 celis/ml) separzted frz= humar

per@pheral blocd ané B cell transformants (1 x 106 ceils /=)

while exchanging the medium at zbcut l-weekx intervals.

In using the human IL-2 prctein accerding to the inven-

< - . s s . < - 5 . . -
éiluticn and edministared parentereily Ccr crally in +he foro

of injection or czpsuies, for instance. It can
be used either azlicne or in comkinazicn wizh killer T celis

or natural killer cells grown in viizo azs mentioned zbove.
The human IL-2 protein azccordinc o the invention is
a8 glycosylated one and has substantialls the seme biolccliczl
activities as known humarn IL-2 separaz=2d from nature.
Therefore, it may be used in the same manner as said natural
oﬁe.'
As caﬁpared with human IL-2 produced in Escherichia

coli, for instance, by the recombinant DNA technology, the
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e

human IL-2Z rrotein acccordine Lo the Invention, which is

a glycosvlated one, is higher in sclukility in water and
mé& be purified and mace up intdo pharmecesuticzal cranara-
tions with advantace and ﬁay ke used wich acdvantage.

The human IL-2 activity datz given in this specifi-
cztion were obtained in the following mznner.

Thus, a transiormant culture supernztzant or an IL¥2—-

conteining sample was zdded tc & melium containing, in the

e = - : - — -
ZOIThn O & SUEsECLensicn, & mCusse Teli

3]
t
1|
L]
M
o]
0]
1
m
<]
N
11
Ih
ct
0]
"

in the XL-2 concentrztion—denendie

incdex. For the czlculztion ¢ the number of units (U) for

wzs czlculated from the rztic therszetvween.
More sgecificzlly, an Ii-I-fZsrendent mouse cz2ll lin
2 -0 — - = - -~ - " - T - -3 Ao Em A~
[(¥KC3), Hinume et &l., Eiocham:czl znd ESiophysicszl Ressazch

Communications, 162, 383-36% (1g2zZ):

in 20% FCS-added ZPMI 1640 medivn contzining condizionesd

t
0
(]
l—l
l—l
0
{e
’_‘
T
1
[{]

mediom and the transfcrman supernztznt or

-
2/

human IL-2 at 237°C in the presence of 3% Co, is weshed

)

twice with serum-free FPMI 1540 medium and resuspended in
20% rCs-adcded PPMI 1540 medium in a2 concentration of 6 x 10
cells/ml.

A sample containine the transiormant cell culture

supernatant or IL-2 is distributes in 50-pl portions into

the first-row wells of a 26-well microtiter plate (HNunc,
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Denmark) and a coubling dilution saries is mede uo to the

12th row bv usinc 50-pul portions of 20% FCS-zddad oo 1640

rt

is distributes in 50-pl portions into the wells.
is conducted at 37°C in the Dresence of 5% co2 for 24 hours.

At hour 20 of incubation, 1 uCi of tritiated thymidine

[N

(Amersham, Great 2r tain) is added to each well After

>

further hours of incubation, cells are recoverad orn a glass
£ilter using & cell harvester (Flow, USX) ané mezsurss for-

tke tritizted tahvmidine uptake using a liguigd scintillation

-

cournter. n assaying; the same procedurs as above is Zol-
lovied with & standard IL-2 sample for measuring the tritiztad
thymidine uptzke.

The unit (U) number calculzticn is carried cut v the

imzunology,
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37°C in the rresence of 5% CO2 with 40 ug/ml of concanavalin
A and 15 nag/al of 12-C-tetradecanoylphorbol-13-zcetzta acced

being defined as having

-
ie

ctivity of 1 U/ml) is serizll-

m
)

diluted and the maximum uptzke value in the diluti

0
v3
n
[
3
'J-
m
7]

is regarced as 100% and use< for the calculation of +h
relative uptake value (%) for ezch dilution ster. The
nurerical values obtained are olotted on normal probability

paper and the dilution factor to which an untake of 30%

corresponds jis cdetermined ¢rarhically. 1In the same manner,
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the cdilution factor corresgonding tc an udtake of 50% is

determined for the IL-2-contzininc sample to be assaved.

The IL-2 activity (U/ml) for z sample is calculzted

according to the formula:

Dilution factor at which sample shows 30% untake

Dilution factor at which standard IL-2 shows 50% uptake

The specific activity of naturazl IL-2 obtzined from

human perioheral blooé was 20,000-70,000 U/mg as determined

-

In the present specification and drazwings,

ené so on,

when indic

zv the zZove assav method.

¢

ted by abbraviations, ars

by abbreviations according to the IUPAC~IUE Commission on

Btlochemiczl Nomenclz+ure or

1

+3

n the ralevant

.o

e

£

mi

Decxyribonucleic zcid

Complementary deoxvrikcnucliaic

Thyamine
Gueanine
Cvtccine

Rikonucleic azcid

Deoxyzadenosine triphosohate
Deoxythymidine triphospheate
Decxvzouanosine trighcsohate
Decxvcvtidine triphoschate

Adenosine triohosphate

thylenediaminetatraacetic acid

by ebbreviations conventional

eld. The Zollowing is & list of exzmsles:
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BRIZF DESCRIPTION OF DRAWINGS

Fic. 1 shows the pPrimary structure (base Seguence) of
the IL-2 gene of the bPlasmid pILOT135-§ obtained in Refer-

ence Example (vii), and Fig. 2, Fig.3, Fig. 4, Fig. S and Fig. 6 show the

construction scheme for the plasaid »TB10€ for animal cel}l

ch

transiormation in Example 1 (i), for the plesmids pTs213

and pTB215 in Example 1 (ii), for the.pla§mid pTB314 in

e

Exarmple 1 (iii), pTB38S in Example 1 (iv), ang PTB48S, and pIB487 in Evampi

(v), respectively. Fic. 7, Fig. 8 and Fig. 9 show the number of

transformant cells during cultivation in Exemple 2 ang the

=tY &ssay of the culture Surernatans

hj
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of autoradiography in Example 3,
lanes 1 and 2 beine Zor the reazction of normal antiserun

dilutions, respectively and lanes
Serin wizh 10-foig, 100-2c13, 1,000~221& ang 10,000~5c:12
2iletions, Tésgectivelw., Lane 7 shows the crude lysate

prepared from cells labelled with 35S—methionine.
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Examples

The present invention will be explained more
concretely by the following Reference Examples and Examples,
but the present invention is not rectricted by them.

S The transformants disclosed in the Examples are dqxsi&ﬁ
with the Institute for Fermentation, Osaka (IF0O) under
the following deposit numbers, respectively.

Mouse L-IL213-3 cell: IFO-50049
Human FL-IL385-6 cell: 1IF0-50050
10 Hamster C-~IL485-14 cell: I?Q-SOOSl
The transformant Escherichia coli DH1/pTF4 is deposited
with IFO ﬁnder the. deposit number IF0-14299, and with the Fermen—
tation Research Institute, Agency of Industrial Science and
Technology,. Ministry of International Trade and Industry, Japan

15 (FRI) under the accession number FERM BP-628.

Referance EZxzmple

H
0

o = . - —— - - R
sdlEticen ©X Zuman Il-2 gene—-contzining
S

"
-

v

smic

(1) 1Isolatizn of mEHA cocing for humzn 3

20 For incducting IL-2Z, lvmphocviss orecarec from humen
perirherzl blooé were incubated at 37°C in
(conta2ining 10% fetzl bovine serun) containing 12-0O-tetra—
decanoylphérbol—13-acetate (TPX) (15 ng/mi) ané concanavalin
& (40 pwg/ml). After 24 hours, 1 x 10 9 lvmphocyes thus

25 4incduced were destroved and derztured in z solution containing
5 M guaﬁidine thiocvanate, 3% me::a;toethénol; 50 m¥ Tris-uCl

PH 7.6, and 10 mM Z5TX with a Teflon homogenizer. Then,
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sodium M-laurovlsarcssinat

1]

wes acdded in & concentration of
4% and the nixture, atter homocenization, was layered on
7.5 M cesiur chloride solution (7.5 M cesium chloride, 0.1 M EDTZ),
followed by centrifuszcion at 15°C and 24,009 rpm for 48
hours using a Beckman SW128 rotor, whereby an RiA precin-
itate was obtained. This RrIA precipitate was dissolved in

0.25% socdium N—lau;o"lsarcosinate soluticn and thereafter

contzaining mRNA was elutad with a lo&—concsntration salt

solution (10 m¥ Tris-=C2 oH 7.6, 1 mif EDTx, 0.3% sDs),

wnheraty 300 pc of polv(A)-containing m2Na was isolated.
This mRNXA was further precipitzzed with e<thanol, the

- - -
<22 W=z
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25,000 rom for 21 hours using & Seckman SW28 rotor) to give

22 fractions. Alicuots ©f ezch fraction wers injectaé ints
cccrtes of Xenopus lzsvis znd tha TL-2 activity in the

found with fractions 11-15 (sedimentztion coefficients 8S-15%

-

The IL-2 @RMA in these fractions weiched skout 2% uc.

r—
.

(ii) Synthesies of sincle-stranced DHA

Using the mRMA obtained in the above and reverse
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transcrigptase, incubation wes conducted ir 100 ul of =

reazction mixture (S ug of mRWAR, 50 g of o

[Ie]

o(c

+3

), 130

-~

units of reverse transcriptzse, 1 mM each of EAT?, &CT2,
GGTP and 4TTP, 8 mM MgCl,, 50 m¥ KCl, 10 my Githiothreitol,

50 m# Tris-ECLl pHE 8.3) at 42°C fo

B

1 hour, deproteinization
was then effected with phenol, and RMA was decomposed znd
removed by treztment witﬁ 0.1 K NaOX &t 70°C for 20 minutes.
(iii) Swvnthesis oI double-stranfed DUHA

: - - - .- . . -
The sincle-strznded ccmplementary DI thus esvnuresized
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30 minuzas, IZIsilcwed by deprotainizetion wizh thencl znd
DNA precipitation with ethanol. The precipitats was sub-
jeczed to the action of terminel transfierzse in 30 vl o©f =&

cacodvlate, 0.3 ¥ Tris (kese) pi 7.6, Z mi dithiothreitol,

, 0.12 =M &CT2, 20 unitis of terxinal transierzse)
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end thereof. This series ©f .rezctions gave about 300 ng of
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neéving deorxyvcvtidine chains.
(v} Cleavace of Zscherichiz coli plasmid and zdéition of

Separately, 10 uc of the Escherichia coli olasmié

5 PBER322 DNA was subiecied to the action of the restriction
enzyme Pstl in 50 pl of a reaction mixture (10 ue of DNA,
50 mM NaCl, 6.mM T:is~HCl PE 7.4, 6 M Mgclz, 6 mM 2-
mercaptoethanol, il0 pc/ml of kbcovine serum glbumin, 290
units of PstI) at 37°C for 2 hours to thereby clezve t:e

10 one Pstl recogniticn site occuring in the P3R32Z DNA, Fol-
lowea by deprotesinization with phenol. The clezvage prodé-

uct was subjiecta2d t:s the action of ter—minal transierzse

in 50 ¢l of 2z rezction mix*urs (10 ug of DNA, 0.14 pDotzs~-

]
~J
.
(o))
N
o5}
.
rr
42
}e
(o]
!

sium cacodylate, 0.3 i Tris (bzase) pE
threitol, 1 mM CoCi., 0.13 mm CT2?, 30 uvnitsz of tarminre:
15 2

transfsrass) zt 37°C for 3 minutes to thersby extend the

guanidines at ezch 3I' end thersof.
(w¥ Anneszlinc of cDNA ané transformation of Eschexichis
20 coli
The thus-obtzined svnthetic double-stranded DNA (0.1

)

Lrg) and 0.5 pc 0f =he &cove-rmentione

|.h
(¢ N
"3

plzsn PER222 were
annealed by heating in z solution comprising 0.1 ¥ NaCl,
50 mM Tris+HCl pH 7.6 and 1 mM EDTA at 63°C for 2 minutes
25 and then at 45°C for 2 hours, followed by slow ccoling

The product was ussd for transiormation of Escherichiz coli

by the method of EZnea et al. [Journal of Molecular Biolegy,
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96. 495-50¢ (1975)].

(vii) 1Isolation of cDia-containinc plasxzid

ot

In this way, about 29,000 tetracycline-resistant

cr

" gtrains were isolated. These Dilis werz ezch immobilized

on a nitrocellulose filter. Based on the amino acid

seguence of IL-2 as reported by Taniguchi et zl. [vide

=1

supra}, the base sezuerces >

5t 3!
ACA TTC ATG TGT Gad

AAA CAT CTT CAG TGT- andg

) corresponding to amino acids

- -7 .. Y R . . -
Nos. 74-78 (Lys' "~“His-Leu-Gin-Cys) &anc amino acids Ncs.
cme o enl122 . .
122-126 (Thr ~Phe-liet—Cvs—Glu) were chenically synthe-
sized by the phosahotriester method [Crez et 2l., Proceedings
of the Naticnal Aczéemv of Sciences, USa, 7

6
These oligonucleotides were labeled with 2P

m

i0 mM chlz, 10 m¥ mercaptoezhanol, 30 Ci of y-"72 &TF
2 units of T4 polvnuclieotide kinase). These lateled oligo-
necleotides, as vrokhas, were anxnezled with thée abeve-mentioned
DNa fixed on the nitrocellulose filter, by the method of

Lawn et &l. [Nucicic Acids Resezrch, 9, 6103-6114 (1381)]

and 4 strains reeacting witnh the above two cliconucleotide
vrobes were isolated. The plasmid DNA was isolated from

each of these strains by the alkaline method [Birnboim et

al., Wucleic Acids PResearch, 7, 1513-1524 (

27¢)]. The
insert of the plasmid DNA was excised using the restriction

enzyme PstI. Of the plasmids isolated, the one which con-
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tained the longest insert frazgment was selected and naned
The primary structure (base secuence) of the. chDia

seguence inserted in this plasmid PILOT135-8 was determined

by the dideoxynucloetide method anc by the Maxam-Clibert

method. The primary structure is ¢iven in Fig. 1.

Example 1 Production of animal cell transformzant
(1) Construction of plasmid pTB10€
The IL-2 gene porticn (nucleotides Nos. 1-350)

excised f€rom the plasmid pILOT125-8 (obtaineé in Refer-

fragment (0.56 kb). 2 0.5-uc portion of tiais DNA was dis-
solvec in 15 pl of ligation buffer (68 m¥ Txis-EC] ow 7.6,
6.6 mM MgClz, 10 mM DTT, 66 pM ATP), followed bv aédition

of 0.2 pg of =

]
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ment at §3°C for 12 minutes. Then; 5 volumes of distilled
weter was added and the dilution was treated further with

30 units of §§E‘I.and 8 units of PstI in BamHI buffer (10

m¥ Tris-HCL oH 8, 100 mM NaCl, 10 m chlz, 1 mM mercapto-
ethanol, 100 p5/ml bovine serum albumin) for 3 hours. Using
a Sepharose 40 column (0.5 cm in diameter, 15 cm long), the
linker fraction and the linker-joined IL-2 DNA were separated
from each other and the BamHI linker-joined IL-2 DNA (the

other ené being Pstl) was recovered by precipitation with

ethanol.
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The IL-2 gene portion (nucleotides Nos. 1-559) méntioned
above can be also cbtained by ligation of chemically synthesized
nucleotides coding for IL-2 sigﬁ;l peptide sequence (codons
Nos. S1 to S20 in Fig. 1) and DNA fragment excised from
the‘plasmid pTF4 in transformant Escherichia coli DH1/pTF4
using restriction enzymes  EcORI and PstI followed by

digestioh with S1 nuclease,
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Separately, the krnown plasmié pPll [Okayama et ai.,
vide supral] was cleaved with the restriction enzymes EEEQIII
and PstI, and a 0.5 kb DHNA havincg the SV40 preomoter and a
splice region was separated bv agarose electroohoresis.
Furthermore, the plasmid pcdVl [Okavama et al., vide suprz]
was cleaved with the restriction enzymes BamAI and HindIIT,
and a 2.5 kb DNA fragment containing the polé(A) addition
region of SV40 ané the replication origin ané ampicillin
rasistance cene derived from the plasmié pBR222 was preduced
in a siﬁila: mznner. These three DNA fracments were joined
together using T4 DNZ ligase znd the procuct was used for

t:ansforming'Esche:ichia coli DHl [Maniatis et al., ¥olecular

Cloning, pages 249-255, Cold Epring Earbor Laboratory (1982)].

mhn

The ampicillin-resistant colonies obzained wer

[14]

scIraenes Ior

plasmid isolation bv the Birnboim-Dolv methed and the con-

)

ST

I

uction of z plaszié for animal cell t:énsformaticn, £T319¢,
ccntainineg the human IL-2 gene was confirmed (Fig. 2).
(11) Cornstruction of gplasmiés pTB213 and DTB213

The plasmid ijI [GofZ, S. P., Cell, viﬁg suprza] eccmprising
the A-MuLV provirus DNA cloneé in the plasmid PBR322 at the
EindIII site was cleaved with the restriction enzymes BamHI
and Pstl and a 1.2 kb DMA fragment containing the LTR region
was- isolated by agarose electrovhoresis and purified. Further-
more, the plasmid p8.2 [Niwa et al., vide supra] comprising
the M-MuLV provirus DNA cloned in p5R322 at the gyglllsﬁfe

——

thereot was cleaved with the restriction enzymes PstI and

1aI and 2 1.1 kb DN fracment containing the LTR region was

isolated and purified.
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These LTF recion-containing DX2 fraoments (each 1 rc)
were respectively dissolved in 12 ul of T4 DNA polymerase
buifer (33 m#t Tris -acetate (pd 7.2), 66 mM potassium acetate,
10 mM magnesium acetate, 0.5 =M dithiothreitol, 100 pa/ml
bovine serum albumin), and 1 ul of 2 MM ANTP (4 species;
dAT?, 4dCTP, 4dGT and 4TTP) and 2.5 units of T4 DNA polymerase
were added. The reaction was-carried out at 37°C for 5 |
minutes and then terminated by adding 2.5 pl of 0.2 M EDRTA
(pE 7). DNA recovery was realized by extractiocn with
phenol-éﬁloroform (1:1) and precipitztion with ethaznol.

To these DHA fracments thus rendered blﬁnt at both ends,
there was ﬁoined the EindIIi linker (CAAGCTTG) by the method
describeé in Example 1 (i).

Secarately, the plésmid PTBE10€ constructed in EIxzmple
1 (i) was clezved with the restriction enzyme EincIII (cne
relevant site occurring ugzstrezm Zrom the SV40 promcter),

and the phosvhoryl croup at the 3! end was eliminate

i

by
treatment with alkaline phosphatase.

The HindIII linker-ioined 1.2 kb A-IfuLV LTR region

DNA fragment or HindIII 1.1 kb M-MuLV LTR region DNA frag-

‘ment was mixed with the »T2106 DNA HindIII fragment, and

[
+
h
D
b}
t
D
b
[ ]
]
Ql
]
1t
t
o
]
v
0
t
[’
[a)
=}
(o]
I'h
|
=3
g
2
Hd

Tiected ligase,
whereby LTR région—containing plasmids for animal cell
transformation, pTBE212 (derived from A-MuLV) and pTa215
(derived from M-MulV) were constructed (Fig. 3).

(iii) Construction of oplasmid pTB31l4

The plasmid pTB213 obtained in Example 1 (ii) was
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cleaved with the restriction enzvre Clal and, after incu-~
bation at 65°C for 10 minutes, the €lal was inactivated,
followed by elimination, from oT3213, of a 0.13 kb Clal DNA
fragment upstream from the LTR region thereof by treating
with T4 DNA ligase. Thus was constructed a recombinant,
pTB271, with only one EindTIII cleavage site occurring between

the LTR region and the SV40 promoter recion. This pTE271

was further clezved with t-e restriction enzymes EindII

-

anc XhoI, each cohesive encé was rendered Blunt by trezting
with T4 DHA polvmerase in the presence oI the four ANTPs,
followed by ligation (withcut the SV40 promoter region) by

the T4 DNA lig

m

se reaction, whereby a plasmid for animal
cell transformation, pT5314, having the A-MuLV LTR racion

&s the promcter was -consiructad (Fic. 4).
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(iv)} Construction of plasmid pTB385

pTB314 as obtained in Example 1 (iii) was cleaved
with the restriction enzyme ClaI, rendered blunt-ended
by DNA polymerase reaction and joined with the
HindITTI linker (CAAGCTIG) by T4 DNA ligase reaction.
After cleavage with HindIII, a 3.3 kb DNA fragment was
separated and purified by agarose electrophoresis and
rendered circular by the T4 DNA ligase reaction, where-
by a plasmid, pTB383, with the A-MulLV LTR region elimi-
nated,; was obtained. When an appropriate promoter is
inserted into this plasmid at the Sall or HindIII
cleavage site, the expression of IL-2 in aminal cells
becomes possible.

Separately, pATLV42]l [plasmid cloned bv Hatanaka
et al. (Institute for Virus Research, Kyotoc University)
and having-the nucleotides Nos. 5897-8894 of the ATLV
genome (Yoshicda et al., vide supra)] oktazined ky cloning the
cDNA of ATLYV (Yoshida et al., vide supra)
by the methcé of Okavama and Berg [Okavama et al.,
Molecular and Cellular Biology, 2, 161-170 (1982)] was
cleaved with RsaIl and a 0.75 kb DNA fragment containing
the ATLV LTR region was separated and purified, and
joined with the HindIII linker (vide supra). This
HindIII linker-joined 0.75 kb DNA fragment was mixed
with HindIII-cleaved and alkaline phosphatase-treated
pTB383 and the mixture was subjected to T4 DNA ligase

reaction, whereby pTB385 was constructed (Fig. 5).
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(v) Construction of-plasmids pTB485 and pTB487

Starting with pTB314 as obtained in Example 1 (iii),
a plasmid, pTB399, was constructed by conversion of the
HindIII cleavage site to a XhoI site and of the PstI
cleavage site on the 5' end side of the IL-2 gene region
to an EcoRI site and insertion of a BglII site directly
before the gggﬁl cleavage site occurring at the 3' end
of the IL-2 gene region and of ClaIl and HindIII cleavage
sites downstream from the poly(a) addition region.

'Séparately, from among a cDNA library_prepared
from hamster cell mRNA by the method of Okayama et al.
[Molegular and Cellular Biology, 3, 280-289 (1983)], a
DHFR gene cDNA-containing pl;smid, pTB348; was selected.
pT3348 had a2 1.1 kb hamster DHFR cDNA and, when used for
transfection of DHFR CHO cells, gave DHFR® cells ir a
vield of about 100 colonies per microgram of DﬁA.

This plasmid, pTB348, was cleaved with ClaI,
treated with alkaline phosphatase and mixed with a 2.1
kb DNA fracment of pTB399 as separated and purified fol-
lewing cleavage with Clal [said fragment containing the
A-MuLV LTR region, splicing region (SV40, 16S), IL-2
cDNA ané poly(A) addition region (SV40, early)] and the
mixture was subjected to T4 DNA ligase reaction, whereby
a plasmid, pTB485, was constructed (Fig. 6).

PTB348 was cleaved with BamHI, a DHFR gene cDNA-
containing 0.95 kb DNA fragment was separated and puri-

fied and then inserted into pTB399 at the BglII cleavage
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site by tne same method as mentioned above. Among from
the plasmids obtained, the one with the DHFR gene in-
serted in the same direction as the IL-2 gene was selected
and named pTB487 (Fig. 6).

pPTB485 has a construction such that the IL-2 gene
with A-MuLV LTR as the promoter therefor and the DHFR
gene with the SV40 replication start region as the pro-
moter therefor are connected in series in the same
direction whereas pTB487 has only one promoter, namely
A-MuLV’ LTR, and is a polycistronic vector, said promoter
also controlling and allowing the expression of the DHFR
gene occurring downstream from but close to the IL-2
gene.
(vi) Transformaticn of animal cells

Secle's MEIM medium containinc 10% of fecal bovine

mouse T¥X-Ceficient L cell

0

wers cultured overnicht at 37°C.

i

Thereziter, these cells (7 x 1i

o

cells/dish) were blendeé

for inoculation with 0.2 kg of the plasmid pTX61 (prepeared

by placmid isolation from Escherichia coli LES578 [Gene, 7

r

335-342 (1979); gift of Dr. Encuist] carrying a recombinant
obtained by cloning a TK-cene-containing 3.5 kb BamyI DNA

ragment of herpes simplex virus (ESV) in PBR322, and
cloning a TX gene-containing 2 kb Pvull fragment [(Proceedings
of the National Academyv of Sciences Usa, 78, 1441-

1445 (1981)] in pBR322) and 10 pg of the pTB1l0€, pTB213,



10

15

20

-33. 0172619

PTB215 or pTE314 DHA by the method of Grakram et al.,

[Virology, 52, 456-457 (1973)]. After 4 hours of incubation

at 37°C, the medium was exchanged for a fresh vortion angdg
the incubation was continued overnight. On the next day,
the mediun was eichanged for EAT medium (M=: mediun contain-
ing 15 ug/ml hynoxanthine, 1 vg/ml aminopterine, 5 uc/ml
thynicdine and 0.25 ug/ml glvcine) conteining 10% of fetal

bovine serum, ané incubztion was continued at 27°C, Afta-

about 2-3 weeXs Qf incubation while making medium exchance
o . ' + .
at 3- Or 4-day intervals, the growth of TX' cells reaches

the stace of colony formation.

Separately, the plasmid pTBL06, pTB314 or pro3as’
was introduced,'together with the:plasmid PTB6 [plasmid
derived from a plasmid containing the herpes simplex
virus-derived TX gene by substituting, fcr the TX struc-
tural gene region thereof, a 1 kb EEAII—gggI DNA ffag—
ment containing the structural gene region of the neo-
mvcein resistance gene of the transposon Tn3; having the
seze constituticn as pAGe0 of Colbert-Galapin et al.
[(Journal of Molecular Biology, 150, 1-14 (1981)l], inﬁo
human FL cells under the same conditions as used for
TK-deficient L cells, with Eagle's MEM medium (containing
10% bovine fetal serum) supplemented with 800 rg/ml of
G418 ("Geneticin", Gibco) as the selective medium. Con-

tinued cultivation on the selective medium for 2-3 weeks

resulted in colony formation due to proliferation of

G4l8-resistant cells.
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As for the plasmids pTB485 and pTB487, DHFR CHO
cells [Uriaub et al., Proceedings of the National Academy
of Sciences of USA, 77, 4216-4220 (1980)] were cul-

tivated on HAM's F12 medium containing 5% bovine fetal serum

and trénsfected with 1 pg (for pTB485) or 5 ug (for pTB487)
per dish of plasmid by the method of Graham et al. (vide
supra) . Two days later, the medium was replaced with
Dulbecco's modified MEM medium containing 10% dialyzed
bovine fetal serum and 35 ug/ml proline, followed by con-
tinued Sultivation on this selective medium. After 2-3
weeks,” the growth of cells which had become DHFR' resulted
in colony formation. The colony formation percentage
for"pTB487 was at most one tenth of that for pTB485.
(vii) Cloning.of transformant cells

. The. transformant cells obtained in Example 1 (vi)
were respectively cloned by a conventional method (e.qg.
limiteé dilution method). After clcning, the clones of
L(TK+)'cells ané FL(G118T) cells were cultivated on
Eagle's MEM¥ medium containing 10% bovine fetal serum
and the clones of CHO(DHFR+) cells on Dulbecco's
modified MEM medium containing 5% bovine fetal serum
and 35 ug/ml proline. Cells of each clone isolated were
scattered on a iinbro dish. When cell growth reached about
80% confluency, the medium was replaced with a fresh
portion. After the subseguent 48 hours of incubation,

the culture supernatant was assayed for IL-2 activity.
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In the case of mouse L cells, among 9
transformant cell clones obtained with pTE106, clone 4
[L-IL106~4] showed the highest IL-2 activity of 0.6 U/ml.
From among the transformant cells obtained with pTB213,
there was isolated clone 3 [L-IL213-3) which showed an

activity of 4.6 U/ml; from among the transformant cells

obtained with pTﬁZlS.'clone 4 [L-IL215-4]), which showed an
activity of 1.9 U/ml; and, from among the transfor—ant cells
obtained with pT3314, clone 12 [L-IL314-1i2], which showec cz-

activity, of 4.6 U/ml. The results are shown in Table 1.

Table 1
o . ) TL-2 activity
Plasmid Transformant (clone) T/l
PTE 106 L—=IL106—-4 0.6
cTE 213 L—-TI1L213-2 2. 32
L-TIL213-3 4. 6
L-IL213- 3
TTE21 S 21 ' b3
L—IL215-4 1. ¢
L—-I1 - 3.2
CTE 314 m314-9 2T
L—-TIL314-17¢2 4. 6
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In the case df Humaﬁ FL cells, the cells gr;qsformed
with the plasmid DTBl0€ showed only an .IL-2 activity as
low as 0.2 U/ml or less. Similarly,_the cells transformed
with 0"3314 =howed an IL-2Z activity as low as b 2 U/nl
(FL-IL314- l] On the other hand, transformation w1th tne
ATLV promoter;contalnlng plasmid pTB38S5 gave a clone show1ng
an IL-2 act1v1ty of 1.5 U/ml [FL-IL385~ 6]. The resul
obtained are given in Table 2. ‘

Table 2

Plasm;d Transformant (clone) IL-2 activity (U/ml)

pTB106 FL-IL106-1 <0.2
PTB314 - ° FL-IL314-1 ) 0.2
PTB385 FL-IL385-3 0.7

.FL-IL385-6 ‘ . 1.5

+

In the case of hamster CHO cells, transformation
with the plasmid pTB485 gave a clone showing an IL-2
activityv cf£ 2.0 U/ml [clone C-IL485-4] and a clone showing
an IL-2 activity of 0.3 U/ml [C-IL485-5]. On the other
hand, transformation with the plasmid pTB4§7, wnich can
be considered to be a polycistronic vector, gave a clone
showing an IL-2 activity of 10.5 U/ml [C-IL487-10].

The results obtained are shown in Table 3.
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(viii) Gene amplification

The IL-2-producing CHO cell strain C-IL485-4 obtained
in Example 1 (vii) was grown on Dulbecco's modified KoM
medium (containing 5% bovine fetal serum and 35 ug/ml
proline) with 10 nM methotrexate (MTX) added. This clone
showed normal growth in the presence of MTX in said con-
centration. Therefore, the MTX concentration wasincreased
to 100 nM and subculturing was continued. When the MTX
concentration was raised to 1 UM, most cells died.
Howeme;, continued incubation with medium exchange at
3- or 4-day intervals resulted :in the stait of growth,
in the form of colonies, of several cells out of 105 cells.
After sufficient growth of these cells, the cells were
subcultured on a medium having an MTX concentration of
10 uM, whereupon, again, most of the cells died, a few
cells alone showing colony-forming proliferation.
The cells thus obtained showed stable and normal growth
in.thepresence of 10 pM MTX ang, wheﬂ returned to anMTX-
free medium and then, after several subcultures’, cultivated
in the presence of 10 um MIX, crew normally. The C-ILA85-4
cells resistant to 10 HM MTX éroduced 59.0 U/ml of IL-2

in the culture medium under the same conditions zs used in

Example 1 (vii), the yield being about 39 times as com-

pared with the starting clone.
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Also with the cell strains C-IL485-5 and C-IL487-10,

cells resistant to 10 uM IMNTX were isolated by the same

method. In either case, MIX-resistant cells gave an in-

creased IL-2 activity in the culture medium as compared

with the starting cells.

The results obtained are shown in

Table 3.
Table 3
: IL-2 activity (U/ml)

Plasmid Transformant Starting | ¥TX (10 pM)-resistant

(clone) 5

cells cells

pTB483 C-IL485-4 2.0 59.0
pTB485 C-I1,485-5 0.3 4.1
pTB487 C-IL487~-10 10.5 20.3

Example 2 Cultivation of transiformant

With the animel cell transformant

1.5 x 107 L-IL314-12

cells ané cultivation was conduczed in 2 ml of MEM medium

containing 130% of fetal bovine serum at 37°C in a CO2 in-

cubator. . Starting from 1 day aftsr commencement of incu-

pation, the number of cells and the culture supernztant

IT~-2 activity were followed daily (Fig. 7).

IL-2 was pro-
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duced and accunulated-as the cell proliferztion Droceeded
ané, even after the cell proliferation haea subsided, the
production of IL-2 continued. The maximum activity atwz_ned

i -

was 24.6 U/ml.

o Also for the FL~IL385-6 cells obtained by introduction
of the plasmid pTB385 into human FL cells, the IL-2
activity in the culture medium was assayed at timed inter-
vals. Onto Eagle's MEM medium containing 10% bovine
fetal serum in a Falcon dish (3.5 cm.in diameter),
there vere dispersed 3 x 10° cells. Cn the next
day, the medium was replaced with a fresh 2-ml portion
of the same medium. Thereafter, the cell count and
IL-2 activity in the culture medium were determined every
dayv [Fig. 8]. Like the case of L-IL314-12 cells, IL-2 was
produced and accunulated with the growth of cells.

The IL-2 production continued even after termination of

cell growth and attained a maximum activity of 10.1 U/ml.
The IL-2 prodhqtion was determined at timed intervals

also for the transformant cell strain C-IL485~4 and the

Clone C-IL485-14 from MTX (10 uM)-resistant cells of

said strain. The culture medium used was Dulbecco's

modified MEM medium containing 5% bovine fetal serum and

35 ug/ml proline and other conditions were the same as

above [Fig. 9]. The maximum IL-2 activity was 119 U/ml.
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Example 3 Separation of glycosylated human IL-2

The animal cell transformant (clone) L-IL212-3 obtaines

in Example 1(vii) was grown in MEM medium containing 10%

of fetal bovine serum. Cells were cultured on Talcon dishes

-

con), 3 cm in dianeter, and, on day 2, the medium was

l—l

(Ta
exchanged for a methionine-free MEM medium containing 355-
methicnine in ar amcunt of 30 uCi (103 Ci/mM). Continued

cultivation resulted in labeling of the IL-2 molecule sa-

IR

creted out of cells. &fter continued cultivation in MEM
medium gdﬁtaining 5E-methionine, thercuitu:e broth zad
cells were ceollected within 1-72 hours ané centrifuced =zt
15,000 rpm ané 4°C for 29 minutes. To a 180-pl portion of
the supernatant thus obtained, therz was adcded 29 pl of
anti-human IL-2 antiserum (rabtit) and the mixture was
allowed to stand at 37°C for 1 hour anc then &t 4°C for 24
hours. Thern, 100 yl cof 10% protein R suszensicn (0.08 X

Tris—0.15 M N

i

Cl, 5 =M EDTA p# 7.4, 0.03% XP-420) was acééel

ané the whole mix*ure was allowed to sts=

-

S = A8~ <
C C.t =L £oIr a2

farther 1-2 heurs [Scurnaltref Immurnology, 118
(1¢73)]. The protein A-bound antigen-antibodyv complex weas
collected by centrifugation at 12,000 rpm for 2 minutss,

the precipitate was washed 4 or 5 times with NET buffer

contzining 0.05% of NP-40 and then suspended in 30 pl of
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a buffer for polyacrylamide gel electrophoresis samples,
and the suspension was heated at 100°C for 5 minutes. After

s -
P
S8 2

centrifugation, the supernatant collected was subject:
17% POlyécrylamide gel electrophoresis (40 volts, 17 ha:rs
[Nature, 227, 680-685 (1971)]. The gel was then fixed with
50% trichloroacetic acid and subjected to fluorography. On
the autoradiogram obtained, the IL-é molecule reacting with

anti~IL-2 antiserum was detected as two bands abcut 14 kile-

daltons and 16-17 kilodaltons in molecular weicht (Fig.1G).
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CLATMS

1. An animal cell transformed with a DNA having a region
coding for a human interleukin-2 protein and at least
one promoter upstream therefrom.

2. The.transformant according to claim 1, wherein the DNA
further has at least one enhancer.

3. The transformant according to claim 2, wherein the enhancer
is an animal virus-derived enbancer.

4. The transformant according to claim 1, wherein the promoter
is an animal virus-derived promoter.

5. The transformant according to claim 3 or 4, wherein the
animal virus is simian virus.

6. The transformant according to claim 3 or 4, wherein the
animal virus is murine retrovirus.

7. The transformant according to claim 3 or 4, wherein the
animal virus is human retrovirus.

8. The transformant according to claim 2, wherein the enhancer
is an enhancer of the repeating base seguence portion
in a retrovirus LTR region. .

9. The transformant according to claim 2, wherein the enhancer
is an enhancer of simian virus 40 promoter region.

10. Th- transformant according _to claim 2, wherein the enhancers
are those of the repeating base segquence portion in a
retrovirus LTR region and of simian virus 40 promoter
region.

11. The transformant according to claim 1, wherein the promoter
is a promoter derived from a retrovirus LTR region.

12. The transformant according to claim 1, wherein the promoter
is a promoter derived from simian virus 40 promoter region.
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The transformant according to claim 1, wherein the promoters
are those derived from a retrovirus LTR region and derived
from simian virus 40 promoter region.

The transformant according to claim 1, which further carries
a gene amplification gene.

The transformant according to claim 14, wherein the gene
amplification gene is dihydrofolate reductase gene.

The transformant according to claim 1, wherein the animal
cell is a mouse cell.

The transformant according to claim 1, wherein the animal
cell is a human cell.

The transformant according to claim 1, wherein the animal
cell is a hamster cell.

The transformant according to claim 1, wherein the trans-
formation has been carried out by co-transformation.

The transformant according to claim 1, which is Mouse

- L=IL213-3 cell.

The transformant according to claim 1, which is Human
FL-IL385-6 cell.

The transformant according to claim 1, which is Hamster
C-IL485-14 cell.

A method of producing a human interleukin-2 protein which
comprises cultivating the transformant defined in claim

1 to thereby cause production and accumulation of said
protein in the culture and recovering the same.

The method according to claim 23, wherein the human interleukin-
2 protein is glycosylated human interleukin protein.

The method according to claim 23, wherein the cultivation
is carried out under the gene amplification codition.
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